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Inheritance of Earliness in Crosses 
Between Early Premium and Kawvale 
Varieties of Common Wheat 
J. M. Poehlman 
INTRODUCTION 
Knowledge of the factors controlling inheritance of early maturity is im· 
portant in any breeding program where earliness is a primary objective. Since 
nothing was known .about the -inheritance of earliness in Early Premium, a va· 
riety of common wheat used in crosses at the Missouri Agriculture Experiment 
Station as a source of earliness, a study was undertaken in a cross of this variety 
with Kawvale. 
REVIEW OF LITERATURE 
The inheritance of date of heading, awn emergence, or maturity of wheat 
has been studied and reported by several investigators. With one exception, 
these were studies of crosses between early x late spring varieties or spring x 
winter varieties. In one study, Shen et al. (18) ", the authors do not state 
whether spring or winte~ forms were used but the dates of planting (October) 
and dates of heading (April) would indicate the varieties to be winter types. 
A summary of the literature reviewed follows: 
Investigator 
Biffen <3 l 
SUMMARY OF LITERATURE REVIEWED 
Character of Plants in 
No. factors 
in inheri-
tance of Index of 
earliness earliness 
Early Spring x Late Spring Crosses 
intermediate early, intermediate one 
and late 
date of 
r ipening 
Thompson <21,22, & 23 l late range of parents multiple date of 
ripening 
Freeman <10 l 
Clark <5 l 
• Refers to Literature Cited, see PAS'e 27. 
plants earlier and three or 
later than parents more 
with mean near the 
late parent 
mean of plants 
approached the 
maturity of early 
parent 
date of 
heading 
date of 
heading 
Character of Plants In 
No. factors 
In inherl-
Investigator 
F2 
tance of Index of 
Ft earliness earliness 
Floren C8 > Intermediate 3 early to 1 late one Cmajor l date of 
heading 
Clark & Hooker <6 l mean near mean of multiple date of 
early parent heading 
intermediate multiple date of 
ripening 
Floren < 9 l Intermediate progeny from back- three or date or 
cross of F1 x re-
cesslve Hate l par -
more heading 
ent Intermediate 
Stephens C19 l Intermediate r ange of parents multiple date or 
heading 
Crescini1 late 3 late to 1 early one date of 
heading 
Newman !13 l Inter mediate range of parents multiple date or 
maturity 
Gfeller < 11 l Intermediate range or parents multiple date of 
<none as early as 
early parent l 
heading 
§l!rin& 
" 
Winter Crosses 
Bryan & Pressley < 4 l Intermediate range of parents multiple date or 
heading 
Aamodt !1 l earliness dominant two or more date of 
Cin addition heading 
to factors 
for growth 
habit) 
Quisenberr y C15 l Fa lines from hardy multiple date of 
Fz plants ranged on heading 
either side or winter 
parents with mode 
earlier 
Powers <14 l three <growth date of 
habit and ripening 
earliness l 
Kaklzaki & Suzuki !12 l Intermediate date or 
heading 
Earl:z: Winter " Late Winter Cross 
Shen, Tai, & Chang < 18 l Intermediate ·range or parents multiple date or 
<mean near <a few plants heading 
early parent l earlier than early 
parent> 
1. Cresclnl, F. Sul comportamento del carattere precocita in Fz da lncrocl d l Tr. 
vulpre CVUl. >on the behaviour of the characters "earliness• in the F2 of crosses 
ofT. vulpre CVlll.l. Rlv. d1 Bioi., 12:193-206, 1930. After Bell C2l. 
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Diversity in the inheritance of earliness or lateness in wheat is noted in 
these reports. These results show: 
(1) In crosses between spring wheat varieties the Ft was usually inter· 
mediate, with the F2 covering the range of the parents indicating a multiple 
factor inheritance between the early and late parents with earliness at least 
partially dominant. There are exceptions as Thompson (23) and Crescini1 
reported late Ft progenies, and Biffen (3), Florell (9) and Crescini1 reported 
distinct segregation in the F2 with single f~ctor inherita.nce. 
(2) In crosses between spring x winter varieties of wheat no simple in· 
heritance is indicated, but it is evident that the spring and winter varieties 
contain factors for earliness which are inherited separately, and in addition to 
factors for growth habit. 
(3) In the cross between winter va rieties, multiple factor inheritance was 
indicated with earliness at least partially dominant. 
The results emphasize the need for specific studies of the inheritance of 
earliness with each variety used as a source of early maturity in a breeding 
program. 
EXPERIMENTAL WORK 
Previous Observations at the Missouri Station 
Crosses were made at the Missouri Agricultural Experiment Station in 
1931 between the Early Premium variety of soft red winter wheat and the 
varieties Kawvale, Michigan Wonder, Fulcaster, Harvest Queen, and Poole. 
Selections were made of early plants from the bulk progenies of these crosses 
in the fifth and sixth generations. Many of these selections were observed 
to be earlier than the Early Premium parent and in none of the early lines did 
segregation of later maturing plants occur. This suggested multiple factors 
with t.ransgressive segregation in the inheritance of date of heading in these 
crosses with earliness recessive. Results reported here bear out this supposition. 
Materials and Methods 
A cross of Kawvale x Early Premium was made in the greenhouse in the 
winter of 1936-1937. The Ft generation was grown in the field in 1937-1938, 
and backcrosses were made to each of the parents. In 1938-1939 the F2 seed 
was space·planted in the field, along with the seed from the backcrosses to 
the Early Premium and Kawvale parents. Some of these spaced plants were 
lost as a result of winter injury, but heading notes were obtained on 524 F2 
plants, 114 plants from the backcross to Early Premium, and 142 plants from 
the backcross to Kawvale. Seed harvested from each F2 and Bt plant was 
sown in an eig)tt.foot row in the fall of 193940 at a normal rate of seeding. 
From ten to twenty individual plants were selected at random from each Fa 
and B2 family and marked for date of heading. Head selections from selected 
Fa and B2 families were sown in head rows in the fall of 1940. Results pre-
sented here are based on the date of heading of F2 and Bt plants in 1939, the 
plants selected at random from the Fa and B2 families in 1940, and the heading 
of F• rows in 1941. 
'Cresclnl. atur Bell ( 2). 
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Parent Varieties and Their Relative Maturity 
Early P remium is an early variety developed as a pure line selection from 
Early May. Kawvale averages five to six days later in heading than Early 
Premium, when planted in the field at a normal rate of seeding at Columbia, 
Missouri (Table 1). 
Table 1.--Da.te of Beading of Ea.rly Premium and Kawvale Va.rleUes 
of Wheat In Field Plots 
Yea.r Ea.rly Premium Kawvale DlUerence 
1936 May 14 May 19 5 days 
1937 May 24 May so 6 days 
1938 May 6 May 18 12 days 
1939 May 16 Ma.y 18 2 days 
1940 May 20 May 24 4 days 
1941 May 15 May 19 4 days 
Average 5.5 days 
Heading in the Ft 
The Ft generation , consisting of 30-40 plants, was grown in the field dur-
ing the winter of 1937-38, and was observed to head uniformly four to five days 
later than the Kawnle parent variety. 
Table 2.--Dates of Heading of F2 Plants from Croes Kawvale x Ea.rly Premium 
and of Pa.rent Va.rletles C19391 
No. p!ants No. plants 
Date of No. F2 plants Per cent F2 Ea.rly Premium Kawvale 
Heading headed on plants headed headed on headed on 
C1939l each date 011 each date each date each date 
May 18 2 0,38 
19 5 0.95 
20 1 0.19 
21 2 0.38 1 
22 5 0.95 3 
23 4 0.76 1 
24 s 0.95 1 
25 33 6.30 
26 46 8.78 2 1 
27 78 14.89 4 
28 95 18.13 1 
29 SJ, 9.73 1 
30 47 8.97 
31 -tO 7.83 
JUne 1 24 4.58 
2 32 8.11 
3 15 2.86 
• 11 2.10 s 8 0 1.53 
6 5 0.95 
7 12 2.29 
8 2 0.38 
9 0 
10 1 0.19 
Total 524 99.98 7 8 
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Heading in the F2 Generation 
The dates of heading of 524 spaced F~ plants and comparably spaced par· 
ent plants are recorded in Table 2. The F2 plants started heading before the 
Early Premium parent and continued heading later than the Kawvale parent. 
Although the heading period of the F2 extended ·over a period of 24 days, most 
of the plants headed during a nine-day period from May 25 to June 2. This 
corresponds to the heading period of the Kawvale variety and a short period 
following. Individual F2 plants continued to head until June 10, but these were 
mostly weak plants and probably headed late because of their lack of vigor 
(Table 10) . 
H eading in the F3 Generation 
As winter killing from heaving is severe in spaced p lantings of fall seeded 
small grains planted at Columbia, Missouri, it . was not considered feasible to 
space plant the Fs. It also appeared desirable to discard at this stage a number 
of the weaker lines and these were el iminated on the basis of the height, num· 
her of heads and general vigor of the F2 plant. To record dates of heading 
in the thickly seeded F3 rows, individual plants were tagged. The first plants 
to head in each F3 family were tagged on the day they headed (or the day 
· following, as tagging was done mostly on alternate days) and other plants 
Table 3.--Range of Heading Dates of Fs Plants and of Parent Varieties 
Dates of 
Heading 
of Fs 
(1940) 
May 12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
No. of plants 
recorded on 
each date 
11 
53 
211 
164 
298 
51 
436 
438 
430 
306 
484 
31 63 
JW>e 1 4 
No. of fa milies 
heading 
on each date 
4 
28 
51 
111 
139. 
167 
213 
241 
137 
37 
12 
Per cent of 
families head-
ing on each date 
1.09 
7.61 
22.01 
30.16 
37.77 
45.38 
57.88 
74.46 
70.92 
65.49 
37.23 
10.05 
3.26 
Total number of F3 plants - 3267 
Total number of F3 families - 368 
Average date of heading of parents: Early Premium - May 21 
Kawvale - May 25 
Parent Varieties 
Early Kawvale 
Pre mium 
<No. of plants head.ed 
on each date l 
2 
3 
4 
8 
2 2 
1 4 
7 
5 
.2 
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tagged on successive or alternate days as long as they continued to head within 
each specific family. This method gave the range of heading within each fam· 
ily, not an accurate record of the proportion of segregates heading on any 
date. A total of 3,267 F3 plants from 368 families were checked for heading 
date with a range in heading from May 12 to June 1 (Table 3). 
Heading in Bt (Backcross) Generation 
The Ft generation was backcrossed tc, each of the parent varieties. The 
first generation of these backcrosses was grown in the field in 1939 in space 
plantings along with the spaced F~ plants. Dates of heading of each plant, 
height and other agronomic data were recorded. The number of plants headed 
on eas:h date in comparison with the heading dates of the parent varieties is 
listed in Table 4. 
Seed harvested from the Bt plants was planted to grow the Bz generation 
in 1939-40. Plants from each .row were tagged to show the range of heading 
within each B~ family (Tables 8 and 9), as was done in the F3 families. 
Table 4.--Date o1 heacll.ng o1 Bl 
Fl x Earll Premium Fl x Kawvale 
No. plants Per cent o1 No. plants Percent o1 
Date of headed on plants headed headed on plants headed Early 
Head Ins: each date on each date each date on each date Premium Kawvale 
May 17 1 0.88 
May 18 7 6.14 
May 19 s 2.63 
May 20 
May 21 1 0.88 1 
May 22 1 0.70 3 
May 23 3 2.63 s 2.11 1 
May 24 5 4.38 13 9.15 1 
May 25 11 9.65 26 18.31 
May 26 6 5.26 28 19.72 2 1 
May 27 15 13.16 20 14.08 4 
May 28 19 16.67 16 11.27 1 
May 29 13 11.40 14 9.86 1 
May30 14 12.28 5 3.52 
May 31 10 8. 77 7 4.93 
]Une 1 3 2.63 1 0.70 
June 2 6 4. 23 
June 3 1 0.70 
June 4 
June 5 1 0.88 1 0.70 
June 6 
June 7 1 0.88 
June 8 1 0.88 
Total 114 100.00 142 99.98 7 8 
Factorial Explanation for Inheritance of Earliness 
The formulation of a factorial basis to explain the inheritance of date of 
heading in this cross needs to satisfy the following observations: (1 ) Th.e Ft 
generation headed later than the late parent, indicating dominance of lateness; 
(2 ) the range of heading in the F~ exceeded the range of the parent varieties, 
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indicating transgressive segregation; and (3} early-heading plants in the F~ 
and F3 produced early progenies in advanced generations, while late-heading 
plants either produced late progenies or p r.ogenies conta ining both late and 
early plants. 
These facts may be explained by the following hypothesis: that the Kaw-
vale variety carries two pairs of factors, EtEt£::£~ dominant for lateness; that 
the Early P remium variety carries a third pair of factors EaEa also dominant 
for lateness; that these three pairs of factors are of equal importance in deter-
mining date of heading; and that they are' independent in inheritance and 
complementary in effect. 
On this basis, the genetic constitution of the F' and F2 generations, with 
respect to earliness, would be as follows: 
Pl Kawvale X Early Premium 
E1E1E2B2eses ele1e~2BsEs 
Ft E1 e1 E2e2Eses 
F2 Phenotypes Character of Phenot:ype 
1 e1e2e3 1 very early (heading earlier than 
Early Premium) 
3 E1e2es 
3 e1E~ 9 early Csimilar in heading to Early 3 e1e2 Premium ) 
9 ElE~3 9 E1e2 3 27 late (similar In heading to Kawvale l 
9 etE2E3 
27 E1E2E3 27 very late (heading later than 
Kawvalel 
Plants in which all of the factors are recessive would head earlier than 
Early Premium; plants in which only one factor is dominant would head simi· 
larly to Early P remium; plants in which two factors are dominant would head 
simila rly to Kawvale; plants in which three facto'rs are dominant would head 
later than Kawvale. This results in four heading groups which, for conveni· 
ence, shall be referred to as very early, early, late and very late. 
This basis of explaining the difference in date of heading of the parent 
varieties and the heading of the Ft and F~ generation, appears to satisfy the 
conditions outlined earlier. For, if the hypothesis is correct, we would expect 
an Ft later than Kawvale as a result of the dominance of lateness and the 
complementary effect of three dominant factors. In the· F~ we would expect 
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a relatively few multiple recessive (very early) plants that would head earlier 
than Early Premium and relatively large proportions that would head with 
Kawvale or later (late and very late). Plants homozygous for the three pairs 
of factors in question would produce progeny with similar heading dates, while 
those heterozygous for one or more pairs would segregate earlier maturing 
plants. ·The possibility of minor or modifying factors should not be overlooked. 
Also, environmental conditions may alter heading dates. But as will be shown, 
a reasonable explanation of the data can be made with this hypothesis. 
Inheritance of H eading in F2 
In Table 2, it was noted that the heading range of 524 F2 plants was May 
18 to J~ne 10. This range represents plants heading three days earlier than 
Early Premium to twelve days later than Kawvale. According to the factorial 
basis suggested we should expect 8 of these plants to classify as very early, 74 
as early, 221 as lau, and 221 as very late. The F: plants, on the basis of their 
date of heading, fit into this pattern if, for example, we consider those plants 
heading before the Early Premium parent as very early, those heading with 
Early Premium as early, those heading with Kawvale as late, and those head· 
ing after Kawvale as very lau. However, classification of specific plants into 
heading groups on date of heading in F: only, may lead to an inaccurate classi· 
fication because (1) variation in spacing resulting from missing plants may 
alter the normal heading date, ( 2) the mean dates of heading of the parents 
are never greatly different (in this particular season the difference was less 
than four days with some overlapping) , and (3) many of the extremely late F: 
plants were probably late because of inherent we&kness rather than inherent 
lateness (Table 10). With the narrow class limits of the four heading groups, 
overlapping in the heading dates of F2 plants that should properly be classi· 
lied into each class may be expected. Thus a more accurate grouping of the 
F: plants could be made from the segregation of their progenies in the F3 
generation. 
Inheritance of Date of H eading 
from the Range of Segregation within F3 Families 
Using the factorial explanation suggested, it is possible to predict from 
the genotype of an F2· plant the segregation within the Fs family·. By classi· 
fying the F: genotypes into groups that will segregate in a similar manner, it 
is also possible to predict the number of the 368 Fs families that would be 
expected in each of these segregation groups. From the range of segregation 
of heading within an Fs family, it is then possible to classify each family into 
a specific segregation group. The F2 genotypes, grouped according to this 
segregation in the F3, the nu.mber of the 368 F3 families expected in each, 
and the probable range in heading of each segregation group are listed here. 
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Genotype of Per cent of F2 Segregation Expected number 
F2 Plant population in Fa of Fa families c 1l 
Plants classilled as very early In F2: 
e1e1e2e2ese3 1.5625 all ~early 6 
Plants classified as early in F2:: 
E1 E1 e2e2e3e3 
e1 e1 E2E2e3e3 4.6875 all early 17 
e1 e1 e2e2E3E3 
E1e1e2e2e3e3 1 very early 
e1 el E2e2e3e3 9.3750 3 early 35 
e1 e1 e~2E3e3 
"Plants classilJed as late in Fa:· 
E1E1E2E2e3e3 
E1 E1 e2e2EsEs 
el e1 E2E2E3E3 
4.6875 all late 17 
E1E1E2e2eses 
E1 E1 e2e2E3 es 
18.750 1 iarly E1 e1E2E2e3e3 69 
E1 e1 e2e2E3E3 3 ate 
e1 e1 E2e2EsEs 
e1 e1 E2E2E3e3 
E1 e1 E2e2e3e3 9 late 
E1 e1 e 2e2Eses 18.750 6 early 69 
el e1 E2e2E3e3 1 very early 
Plants classifie.d as very late in F 2: 
E1E1E2E2E3E3 1.5625 all~late 6 
E1 E1 E2E2E3e3 3 very late E1 E1 E2e2E3E3 9.375 1late: 34 El e1 E2E2ES Es 
- . 
ElE1E2e~r3 9 jery late 
E1e1E2e2 E3 18.750 6 ate 69 Et el E2E2Ese3 1 early 
27lery late 
E1e1E2e2E3e3 12.500 27 ate 47 9 early 
1 ~early 
Cl.) 3.68 Fs families studied. 
12 MISSOURI AGRICULTURAL EXPERIMENT STATIO!> 
Inasmuch as the tagging of the Fa plants as they headed gives us the range 
of actual heading within each F3 family, we can, from this information, classify 
each Fa family into one of the segregati.on groups listed above, and thereby 
identify the genotype of the F2 plant (within the limits of each segregation 
group). Table 5 shows the number of Fa families classified in this manner 
Table 5.--Classificalion of 368 F:l Fam!lles Into Segregation Groups 
on the Basis of the Range of Heading Within Each Family 
Heading Number of F3 families classified into each segregation group date of 
F2 plant l(ll. !t a.!t 
from which l:a_ 
the Fs family 
orllitnated 
May 18 1 1 
19 4 1 
20 1 
21 2 
22 2 3 
23 1 1 
24 2 2 
25 9 8 
26 5 13 
27 1 6 
28 
29 
30 
31 
June 1 
2 
3 
4 
5 
6 
7 
Total 6 21 36 
E>cpected 6 17 35 
x2. 11.297 <P - .20 to .30> 
l 3l 9l. 
lit 6Jt 
l:a_ 
2 
1 
5 7 2 
6 11 10 
4 29 25 
3 30 25 
1 7 
1 
21 78 70 
17 69 69 
!! • verf, early 
e • jar y 1. ate 
vi • very lata 
vi 
1 
1 
3 
2 
1 
2 
10 
6 
3tl 9:,1 27:.1 
1!. 6!. 27l 
l!t 9~t 
ltt 
2 1 
7 11 1 
6 20 8 
7 10 6 
5 8 8 
4 5 2 
1 4 4 
1 
1 1 
2 
1 
32 63 31 
34 69 46 
into each segregation group in relation to the heading dates of the F2 plants. 
From this table it may be observed: ( 1) that plants very early in the F2 
(with two exceptions ) produced F3 progenies that were uniformly very early, 
(2) that very late F2 plants all produced very late plants in the F3 although 
specific families also segregated late, early, and very early plants, and (3) that 
there was an overlapping of the heading dates of F2 plants that could be classi· 
fied into the very early or early, early or late, and late or very late classes. 
This overlapping of the classes may be expected since there was an overlapping 
of the dates of heading of individual plants of the Early Premium and Kawvale 
parents and substantiates the suggestion that no accurate classification of the 
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F! could be made from the heading dates of spaced plants only. Chi-square 
for "goodness of fit" of the actual classification to the expected equaled 11.297 
with a P value of .20 to .30. The greatest deviation of the actual to the expected 
classification of families was in the group descendent from very late F2 plants. 
This' deviation may have been due to failure to recognize very late plants, with 
the result that some plants were classified into the earlier maturing groups, 
or may have resulted from the discarding of the very weak late-headi_ng plants 
in the F!. In general the segregation in the Fs appears to be as expected, 
and the inheritance of date of heading in this cross to be explained reasonably 
well on the three-factor ba.sis outlined. 
fil>te 6 ••• JW1ge of Heading In Selected Fs Famllles 
Clusl-
llcaUon 
o1 Fz 
Plant 
very earlJ 
verz late 
Segrega-
Uon with-
In r 3 
family 
very early 
Number 
of r3 
fa,mllr 
1 
us 
201 
341 
3 early 323 
1 very early 342 
late 
3 late 
1 early 
3 very late 
1late 
9 v:Jllata 6 I 
1 earl 
36 
378 
206 
214 
8'7 
217 
149 
516 
37 
210 
100 
144 
142 
155 
Early Premium parent (early) 
JCawnle parent nate) 
Number of ptanta headlnr on each date (May 12 • June 1 ) 
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 so S1 1 
3 6 2 1 
a 2 1 ·z 1 a 
1 
2 
2 
1 
I 
2 
4 
1 
3 
1 
1 
9 5 2 2 
7 9 6 
3 
1 
6 
s 
4 
9 
1 4 
1 I 1 
2 2 1 
2 2 3 
1 2 
1 1 2 
2 1 
1 1 2 
1 
2 6 
5 3 
5 1 
2 2 
5 2 
4 2 
1 2 
1 2 
1 4 
2 2 
2 2 
3 
234821 
3 
2 
2 
4 
1 
I 
5 
2 
1 
1 
4 
2 4 7 5 2 
8 
2 
4 
5 
4 
4 
5 
3 
3 z 
5 1 
3 
2 1 
4 
2 
2 
1 1 
The range of heading of selected F3 families is recorded in Table 6. This 
table illustrates how families were classified into the .various segregation groups 
on the basis of the range of heading of individual plants within each. 
Inheritance in the f• 
Plant selections from the Fa families with the best agronomic characteris-
tics were planted in individual rows in the F•. During the winter of 1940-41, 
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winter injury was severe and only rows appearing to have good hardiness were 
harvested. Heading notes were taken on the rows that were to be harvested by 
classifying the rows on the basis of their heading dates as follows: May 12 or 
earlier, very early; May 13·20, early (corresponding to the heading period of 
Early Premium); May 21-25, late (corresponding to the heading period of 
Number 
ot F3 family 
1 
342 
36 
206 
217 
100 
142 
Table 7.--Classitication of Selected F4 Rows Grown from llldlvldual 
Fs Head Selections 
Segregation 
within Fs 
family 
late 
31ate 
1 early 
9late 
6 early 
1 very early 
9 !!!Z late 
3Iite-
1 early 
27lery late 
27 ate 
9 early 
1 !!!Z early 
Date of heading 
of selected 
plants In Fs 
ClassUicatlon 
of F4 plant 
row 
May14 
May 16 
May 18 
May 20 
May 14 
May 20 
May 22 
May 24 late 
May25 r.ue 
May25 firte 
May 20 jarly 
May 24 'segregap.':'g ate and early 
May 25 late 
May 16 very early 
May 20 rtly 
May 25 a 
May 25 segregating late, early and 
!!!Z early 
May 21 jarly 
May 25 ate 
May 25 segregating late, and early 
May 27 very late 
May 13 
May 21 
verf, early 
~ May25 
~ 29 very late 
May 29 segregating !!!Z lili, )ate, early 
Kawvale) ; and May 26 or later, very late. Rows that were segregating were so 
noted. The classification of a few selected Ft rows are reported in Table 7. 
It may be observed from this table that classification of these F• rows follow 
the general pattern that would be expected from the three-factor explanation 
postulated heretofore for the inheritance of earliness in this cross. 
lnherita.nce in the Backcross to Early Premium 
If the Kawvale parent contains two dominant factors for lateness, E>E>E2E2, 
and the Early Premium parent a third dominant factor for lateness, EaE3 as 
has been suggested, then Ft plants backcrossed to Early Premium would give 
RESEARCH BuLLETIN ~30 
three phenotypes (early, late, aud very late) ·in the Bt. 
their segregation in the B2, and the expected number of 
segregation group are listed below: 
15 
The B1 genotypes, 
B2 families in each 
X Early Premium 
e1 e1 e2e2E3E3. 
Genotype of 
B1 plant 
Per cent of B1 
population 
Plants classified as early in B1: 
e1e1ege2E3E3 
ele1e2e2E3e3 
12.5 
12.5 
Plants classified as late in B1: 
E1 e1 e2e2E3E3 
e1e1E2e2E3E3 
E1 el e2e2Esea 
e1e1E2e2E3e3 
25.0 
25.0 
Plants classified as very late in B1: 
12.5 
12.5 
<1 > 90 B2 families studied. 
~egregatlon 
In B2 
all early 
3 early 
1 very early 
3 late 
1 early 
9 late 
6 early 
1 very early 
9~late 
6 lite 
1 early 
27 ve{llate 
27 Ia 
9 early 
1 very early 
Expected number 
of B2 families C1 > 
11 
11 
23 
23 
11 
11 
No attempt has been made to classify B1 plants into the various heading 
classes for, as has been shown, more accurate classification of F2 plants was 
made on the basis of the segregation in the F3, than from the dates of heading 
of the spaced F2 plants. 
The classification of the 90 B2 families grown in 1940-41 into the six pos-
sible segregation groups on the basis of the range of h.eading within each 
family is recorded in Table 8. Chi-square, calculated to measure the good-
ness of fit of the actual to the expected distribution, equals 2.071 with a P value 
of .7 to .8. 
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Table B.--Classification of 90. B2 Families of the Backcross, F1 x Early Premium, 
Into Segregation Groups on the Basis of the Range of Heading within each Family 
Number of B2 families classified Into each segregation group 
Date of Heading 
of B1 plant 
early 3 early 3 late 9 late 9 i:tllate 27 iery ~-. 
1 very early 1 early 6 early 6 27 ate -
May 17 
May 18 
May 19 
May 20 
May 21 
May 22 
May 23 
May 24 
May 25 
May 26 
May 27 
May 28 
May 29 
May 30 
May 31 
June 1 
Total 
2 
1 
1 
2 
2 
2 
10 
x2 = 2.071 <P ~ .70 to .80> 
1 
5 
2 
4 
12 
1 
1 
1 
3 
8 
4 
2 
20 
23 
1 very early 1 early 9 early 
2 
3 
2 
7 
7 
1 
22 
23 
4 
4 
4 
2 
1 
15 
11 
1 ver earl 
1 
3 
3 
4 
11 
11 
Inheritance in the Backcross to Kawvale 
In the backcross of the Ft to Kawvale only two phenotypes (late and 
very late ) would be expected in the Bt. The B1 genotypes, their segregation in 
the Bz and the expected number of B2 families in each segregation group 
are listed below: 
Genotype. of 
B1 plant 
Per cent of Bt 
population 
Plants classified as late in Bt: 
E1E1E2E2e3e3 12.5 
E1E1E2e2e3e3 
E 1e1E2E2e3es 
25.0 
E1 e1 E2e2e3e3 12.5 
X Kawvale 
E1 E1.E2E2e3e3 
Segregation 
in B2 
all late 
3 late 
1 early 
9 late 
6 earfy 
1 very early 
Expected number 
of B2 families C 1 > 
13 
28 
13 
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Plants classified as very late in B1: 
E1 E1 E2E2E3e3 12.5 srery late 13 
1 ate 
E1E1E2e2E3es 9 very!!!!_ 
E1e1E2E2Eses 25.0 6 late 28 
1 early 
E1 e1 E2e2Eses 12.5 27 very late 
27late -
13 
9 early 
1 very early 
0 l 108 B2 families studied. 
On the basis of their segregation, as measured by the range of heading 
within the B~ family, each family may be classified into one of the segregation 
groups listed above. 
From Table 4 it may be ·observed that the earliest Bt plant of the Kaw-
vale backcross headed on May 22, just one day ear lier than the heading of the 
earliest Kawvale plan~ '"hile the 81 plants continued to head un til June 5, 
seven days after the last Kawvale plant headed. From this distribution it may 
Table 9; --Ciasslflcation of 108 B:a hmllies of the Backcross, F 1 x Kawvale, Into Segregation Groups .on the Basis of the R.ange of Heading within each Family 
No. B2 families classified Into each segregation group 
Date of Heading all 3 late 9 late 3 rery ~ 9 lery late 27 lery late of B 1 plant late 1 early 6 early 1 ate 6 ate 27 ate 
May 18 
May 19 
May 20 
May 21 
May 22 
May 23 
May 24 
May 25 
May 26 
May 27 
May 28 
May 29 
May 30 
May 31 
June 1 
June 2 
June 3 
Total 
1 
1 
2 
3 
7 
1 
15 
2 
7 
13 
11 
3 
36 
Expected 13 28 
x2 • 4.795 <P • • 40 to .so, 
1 very early - 1 early 9 early 
1 ve earl 
3 
8 
1 
12 
13 
2 
5 
3 
1 
2 
13 
13 
·a 3 
6 3 
7 
3 2 
1 
1 
23 9 
28 13 
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be assumed that all of these plants were either late or very late. The classifi-
cation of the B2 into the six possible segregation groups on the basis of the 
range of heading within each is listed in Table 9. Chi-square calculated to 
show the "goodness of fit" to the expected has a value of 4.795 with a P value 
of .4 to .5. 
Date of H eading in Fz and Bt Generations 
Related to Height and Number of Heads per Plant 
It has previously been noted that some F2 and Bt plants were discarded 
on the basis of their lack of vigor. Even though a large proportion of those 
discarded were later than Kawvale, it is not believed that discarding these weak 
plants has greatly increased the error of classification of Fa or B2 populations 
into segregation groups, except possibly in the Fs where the proportion of 
families in the late segregation groups was below the expected (Table 5). That 
many of the late plants discarded in the F2 were inherently very weak instead of 
inherently very late is shown by data on the average height and number of 
heads per plant for each heading date as recorded in Table 10. The average 
height and the average number of heads per plant declines after the heading 
period corresponding to the Kawvale parent was reached. Inclusion of these 
weak plants would have resulted in a larger proportion of late and very late 
Table 10.--Avera.ge Height and Number of Heads Per Plant 
of F2 Plants for Each Heading Date 
Av. height Av. number 
Date of No. of of plants No. of of heads 
Heading: !!lante Cinches l !!lants l!er elant 
May 18 2 44.0 2 20 
19 5 44.5 5 11 
20 1 51.0 1 6 
21 2 47.0 2 26 
22 5 43.4 5 16 
23 4 50.5 4 17 
24 5 51.2 5 18 
25 33 47.7 31 17 
26 46 46.3 46 17 
27 77 44.8 78 12 
28 95 44.6 95 11 
29 50 41.8 48 11 
30 45 42.4 46 7 
31 38 40.7 39 7 
June 1 24 38.4 23 8 
2 32 34.9 32 5 
3 . 15 33.0 15 4 
4 11 35.6 10 4 
5 ·a 32.7 7 4 
6 5 28.3 5 3 
7 12 26.2 12 2 
8 2. 21.5 2 3 
9 
10 1 17.0 1 1 
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plants than would have been expected. Many F2 plants that headed late had 
good height and a large number of heads per plant. These more vigorous 
late and very late plants were kept and only the short and weak plants dis· 
carded, along with weak plants in the other heading groups. 
Date of Heading and Height in Fa and 82 Generations 
Within the families that were carried into the later generations there was 
a definite increase in height in successive heading groups. To measure this, 
a large number of the plants that were tagged for date of heading in the Fa 
and B2 generations in 194.0 were also measured for height. These plants were 
selected at random and as many measured as time permitted. They have been 
classified as to heading group and the average height of the plants within each 
heading group determined. The results are shown in Table 11 and indicate 
Table 11.--Relatlon·of Date of Heading to Height In Fa and Bz 
Heading Kawvale x F1 x FJx 
Classification Bar!J:: Premium Earlz Premium Kawvale 
of Fa or Bz No. Fa Av. height No. Bz Av. height No. Bz Av. height 
J1lanl J!Lanta Cinches l l!lanta Unebesl l!lanta (Inches l 
verz early 1a 38.1 47 38,9 
early 218 40.1 278 41.7 5 (3.2 
Late 362 49.1 106 46.1 144 ( 8.0 
verz Late 177 (9.5 25 50.3 
that the average height of each successive heading group is progressively in· 
creased. This conforms with general knowledge that late maturing varieties 
are usually taller than early maturing varieties. It also conforms to the com· 
parative heights of the Early Premium and the Kawvale parent varieties. This 
suggests that the decline in height of the late F~ plants, as reported in Table 
10, resulted from the presence of weak plants, which were. eliminated before 
growing the Fa and B2 generations. 
Date of H eading and "Time" Tests in F3 and B2 Families 
After plant selections had been made from Fa and B2 families, the re· 
mainder of the row was harvested and a "Time" fermentation test1 made from 
the seed. The parent varieties, Kawvale and Early Premium, vary widely in 
gluten quality as measured by the "Time" test. The average "Time" of a large 
number of Early Premium checks was 39 minutes as compared to 170 minutes 
for the Kawvale checks. The families were grouped according to the heading 
classification of the F2 or B1 plant and the "Time" of the Fs or B2 families 
descendent from plants within each heading group was averaged and is report· 
ed in Table 12. It may be observed from these data that there is no relation 
•·'Time•• test relors to method of m~ whea~ quallty wltll reference to aluton ltrencth, after method outllne4 by Cutler and Worulla (7). 
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Table 12.--Relation of Date of Heading to "Time• in F3 and B2 Fam.llles 
Heading Kawvale X F1 X F1 X 
Classification Early Prem.lum Early Prem.lum Ka11VVale 
of F2 or B1 No. F3 Av. •ume• No. B2 Av. "ttme• No. Bt Av. "time• plant fam.llles lm.lnutes I families (minutes I fam.llles (m.lnutes 1 
very early 6 52.7 
very late 
44 
115 
44 
51.2 
52.2 
55.5 
20 
39 
13 
40.3 
38.3 
40.1 
66 
33 
85.5 
90.0 
between gluten quality and date of heading. It should be possible then to select 
lines similar to or approaching the gluten quality of the Early Premium within 
any of the heading groups (except possibly the lines from the backcross to 
Kaw>'ale). 
D ate of Heading and Winter Survival in the F• 
The winter survival of F• plant rows, originating from Fs families appar· 
ently homo:tygous for date of -h~ding, was recorded in 1941 and is reported 
in Table 13. The number of families represented within each heading group 
is small, since only families homozygous for date of heading were used. 
Heading Group 
late 
Table 13.--Wlnter Survival in F4 
No. F3 l1 I No. F4 
families head rows 
7 33 
19 112 
61 
very late 8 3 9 
(1 I F3 fam.llles homozygous for heading elasslflcation 
Average Per c,ent 
survival 1940-41 
41.1 
56.6 
69.8 
38.8 
Quisenberry and Bayles (16) and Quisenberry and Clark (17) reported 
that early maturing varieties or selections were less hardy than late maturing 
varieties or selections. It will be noted here th~t the average winter survival 
increased progressively from very early to early, to late families, confirming 
these reports. The very late group had a poorer survival than any of the other 
three groups but since only eight families were represented this' may have re· 
suited from an inadequate sample. These results indicate that fewer of the 
early or very early lines than of the late may be expected to have satisfactory 
winter hardiness, but specific lines with good winter hardiness appeared to be 
present in each of the heading groups. 
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DISCUSSION 
Information is presented here to show that earliness of heading in the 
cross between Early Premium and Kawvale varieties of wheat is apparently 
determined by three major complimentary factors of substantially equal value, 
independently inherited, with earliness recessive in each. From the progeny 
~f this cross various true-breeding lines may be selected that will head earlier 
than the early parent or later than the late parent, as well as lines that will 
head on dates corresponding to the heading dates of each of the parents. A 
large proportion of lines are either as late or later than the late parent, and 
many of these segregate eatlier plants in the following generations . 
. In an economic breeding program in which the combining of early matur· 
ity, high yielding ability and quality is an important objective this information 
is extremely useful. Its value lies not just in the knowledge that earliness in 
this cross is inherited by· three (or any specific number) major factors, but to 
the extent it may be useful in the selection of early-maturing lines with good 
agronomic qualities, and in determining the best procedure for finding these 
lines in segregating progenies. For example, to obtain from this cross early 
lines that might combine some of the factors for yield and disease resistance 
from the Kawvale parent, three methods of procedure are suggested: 
(1) Grow the hybrid population in bulk until the FG or Fa generation. 
Select very early or early plants in these generations (by comparison with 
heading date of similarly planted Early Premium check rows). Discard in 
following };ear all plant rows still segregating or unsatisfactory from stand· 
point of agronomic characters, disease resistance, or quality. 
(2) Select only very early or early plants in the F2. Grow in plant rows 
in F3 discarding lines unsuitable from standpoint of agronomic character and 
quality (determined by "pearling"1 and/or "Time" tests on seed from F3 
rows) . Carry by pedigree method until Fs or Fa. 
(3) Plant seed from all F2 plants satisfactory from standpoint of agron· 
omic and disease characters. Select and plant seed from very early imd early 
plants from Fa rows satisfactory in agronomic characters, disease resistance, 
and quality. Carry by pedigree method until F~ or Fe. 
The bulk method would enable one to carry a large amount of material 
in the early segregating generations. But it would be necessary to include a 
preponderance of unwanted late maturing lines. Experience at the Missouri 
Experiment Station has indicated that several thousand early selections would 
probably be needed to find a relatively few early lines combining high quality, 
yield, winter hardiness, and disease resistance. This would be necessary since 
a high proportion of early selections f rom Early Premium crosses appear to be 
lacking in vigor and productiveness, and a high proportiol) of selections from 
Kawvale crosses appear to be undesirable from the quality standpoint. 
1
"PearUng .. tests refer to method of measuring kernel hardness after Taylor, Bayles and 
Fllleld (20). 
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Selection for earliness in the F~ combined with rigorous selection in the 
F3 for agronomic characters, disease resistance, and quality (from seed of 
Fa rows) offers the best opportunity of eliminating the large bulk of undesir-
able material at the earliest generation. But selection in the F2 would also 
result in elimination from further consideration many lines heterozygous in 
earliness that would possibly be satisfactory from an agronomic and quality 
standpoint, and that would segregate early plants in the Fa generation. In 
view of the. apparent laclc of vigor of many early lines and unsatisfactory qual-
ity in many selections from Kawvale crosses, success by major selection for 
earliness in F2 could be expected only if an extremely large F2 population was 
grown. It has been demonstrated that classification of individual spaced F2 
plants cannot be accurately made, since the heading classes have no well defined 
limits; thus continued selection in Fa would be necessary to eliminate late lines 
inadvertently includ~d. Selection in Fa for earliness would also be necessary 
in those lines segregating early and very early plants. 
If the F2 population was limited in size, then selection for earliness in the 
FJ would offer a wider opportunity for finding desirable combinations, as it 
would permit the sampling of many additional lines that would segregate early 
plants in the Fa but which would otherwise be discarded in the F2. Rigorous 
selection for agronomic and disease characters could still be made on the Fa 
rows and selection for quality by "pearling" and/or "Time" tests on the seed 
harvested from Fa rows. 
While the discussion here has been limited to progenies of crosses in which 
Early Premium and Kawvale are the parent varieties, experience at the Mis· 
souri Agricultural Experiment Station with crosses of Early Premium and va-
rieties such as Clarkan, Michigan Wonder, Fulcaster, Thome, Wabash and 
others indicate that it may be applicable to many crosses in which Early Pre· 
mium is the early parent variety. 
SUMMARY 
1. Inheritance of the date of heading in a cross between the Kawvale and 
Early Premium varieties of wheat is reported. 
2. In field plots, the average date of heading of the Early Premium va· 
riety at Columbia, Missouri , was 5.5 days earlier than Ka-..'Vale for the six-year 
period f rom 1936 to 1941. 
3. The F1 generation headed uniformly several days later than Kawvale 
and the range of heading of the F2 exceeded the range of heading of the par-
ents with most of the plants heading as late as or later than Kawvale. 
4. An explanation of inheritance is postulated on the basis of three fac-
tors, independently inherited, of equal importance, and with earliness recessive. 
Two of the three factors (E1E2), are assumed to be dominant in the Kawvale 
variety and the third factor, (Ea), as dominant in the Early Premium variety. 
With only recessives present, plants are earlier than the Early Premium; pres· 
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ence of one dominant results in plants maturing with. Early Premium; presence 
of two different dominants results in plants maturing with Kawvale; and pres· 
ence of three different dominants results in plants later than Kawvale. 
5. Inheritance studies in backcrosses to each parent support this hypothe· 
sis. 
6. The average height of the plants increased progressively in each of the 
four heading classes, very early, early, laJ,e, and very late, after the weak lines 
had been eliminated in early generations. 
7. Quality as measured by the "Time" test was not related to date of head-
ing. 
8. Average winter survival increased progressively in selections from 
the very early to the late heading groups. 
9. Methods for selection of early maturing lines from progenies of crosses 
in which Early Premium is the early parent are discussed. 
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